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Electio/hydraulic system for a 2 door thrust reverser 



(57) A thrust reverser for a turbo-fan engine having 
an irrproved system for security against inflight inad- 
vertent deployment. 

The reverser has two pivoting doors (1 .2) for use on 
engines mounted on an aircraft rear fuselage or under 
the aircraft wing. 

The pivoting doors (1.2) are positioned forward of 
an aft ring structure (3) that is essentially the nacelle exit 
nozzle in fonward thrust mode. 

The pivoting doors (1 .2) are actuated by a hydraulic 
actuator and are locked and unlocl«l by hook locks 
(9,8) operated by an electric solenoid on one side of the 
door and a small hydraulic actuator on the opposite 
side. 

The two locking systems are corrpletely independ- 
ent, thereby assuring that an inadvertent in-flight 
deployment will not occur as a result from failure, faulty 
command or maintenance malpractice. 
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Description 

This invention relates to a thrust reverser for turtjo- 
lan engines used on aircraft. More particularly this 
invention relates to an improved system that assures an 
in-flight inadvertent deployment will not occur. 

For tuibo-fan engines the thrust reverser is pro- 
vided to reduce the stopping distance of the aircraft and 
to increase safety when landing on a wet or icy runway. 

This invention applies particularly to thrust revers- 
ers comprised of two pivoting doors that pivot about 
axes, from a stowed position to a deployed position. 
When deployed the doors block the flow of one or both 
flows and eject the f tow in a forward direction. 

The reverser is only intended for ground use, and 
because of the effect of the reverse thrust propulsion 
forces, in-flight deployment can result in aircraft instabil- 
ity and loss of controllability. 

In order to obtain added security against in-flight 
faulty command, maintenance malpractice or deploy- 
ment due to failures, improved system locking must be 
developed to provide additional margins of safety. 

The primary object of this invention is to provide 
positive locking tiirough at least two independent sys- 
tems which will thereby prevent any inadvertent in-flight 
deployment. 

On prior art relating to thrust reverser systems, two 
typical pivoting door reversers are described by PAGE in 
US-4.422.605 (FR-A-2.494.775) and US-4.424.669 
(FR-A-2.500.537). 

Other similar designs are disclosed by LAIR in US- 
5.224.342 and FAGE again in US-5.310.117. For these 
particular thrust reversers, the locking mechanism is 
comprised of two hooks per door, released by a hydrau- 
lic actuator on each side of the door. 

The pivoting doors are deployed and stowed by a 
large hydraulic actuator installed on one side of tiie two 
doors. Thrust reversers of this known type are illustrated 
in figure 1. 

The aforementioned designs have control systems 
where the main actuator and the two separate hook 
locks are hydraulically actuated through a common line 
and selector valve. 

A disadvantage of the prior art described, resides in 
the ^ct that a faulty command or a maintenance error 
can result in an in-flight deployment. It has been experi- 
enced on recent incidents that a pressure build up due 
to a hydraulic leak can result in a system command to 
the deploy mode, without pilot permission. The way to 
prevent this is to have two independent locking systems. 
One being commanded hydraulically by the engine con- 
trol system, and the otiier going to the cockpit to be pilot 
electrically controlled. 

Another cause of an inadvertent deployment is the 
eventual loss of a pivoting door, by a failure of the door 
pivot bolt or fitting. The aforementioned design, which 
has the pivot bolt fitting integrated into the main actua- 
tor, does not provkie the safety requirements of the cer- 
tification agencies, in that the pivoting door could break 



loose as a result of buffeting if the pivot bolt failed, or if 
a bolt was poorly installed due to maintenance malprac- 
tice. 

Other examples of prior art are disclosed by STA- 
5 VERT in US-2.780.057 and MATHIAS in US-5.120.004. 
and CRIFFIELD in QB-921.917. These known control 
systems rely on hooks and mechanical linkages that are 
actuated through a common supply tine and selector 
valve. The door and pivot bolts are located at the exit 
10 nozzle writh no aft ring that entraps the rear of the doors. 
The prior art of CRIFFIELD is illustrated by Figure 2, 
and the hook referred to as H. 

Therefore these said systems do not provide the 
adequate safety required for modern aircraft. 
15 In FR-A-2.601 .077. KENNEDY describes a pivoting 
door reverser, tiiat is forward mounted, with an aft ring 
exit nozzle. 

This design is an improvement, but still has the 
main actuator for deploy and stow, and two separate 
20 hook locks, all actuated through a common supply line 
and hydraulic selector valve. Therefore, a need for 
inproved safety is required. 

This invention will protect against the aforemen- 
tioned disadvantages by offering a design that com- 
25 bines three basic principles. 

The first is to position the main actuator in the 
center of the door, with a safety lock integrated. 

The second is to have two Independent locking sys- 
tems, one being hydraulic, the other being electric on 
30 each door. 

The third Is to have an aft ring exit nozzle that 
entraps tiie rear portion of the pivoting door during the 
stow or cruise mode. This is illustrated in Figures 8 and 
9. 

35 This invention will overcome the above described 

problems by providing an improved system for security 

against in-flight inadvertent deployment. 

More particularly, the invention provides a thrust 

reverser for a turbo-fan engine with mixed hot and cold 
40 airflow, said thrust reverser being mounted on the aft 

fuselage of an aircraft and comprising ; 

an engine casing having lateral beams and two 
radially sp)aced openings, one being above, the 

45 other being below the engine axis ; 

two thrust reversing pivoting doors, installed In the 
casing openings, pivotally mounted by two axis 
supported by the casing lateral beams, said doors 
being movable from a stowed position In which they 

50 do not interfere with the mixed airf tow to a deployed 
position in which they block the mixed airflow and 
direct it in a forward direction ; 
a hydraulically actuated pivoting door actuator 
attached to the center of each pivoting door for 

55 moving the said door from said stowed position to 
said deployed position, 

a hydraulically actuated piston driven S-hook lock 
on one side of the doors, that retains the pivoting 
doors in the stowed position, and 
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an electrical solenoid operated S-hook lock on the 
opposite side of the pivoting doors. 

Contained within the actuator. Is a snubbing mech- 
anism that prevents the said doors from butting against 
each other when in the deployed position. 

Preferably, two pivoting doors are located fonn^ard of 
an aft ring exit nozzle. Each door Is deployed and 
stowed by its own hydraulic actuator positioned in the 
center of the door. The actuator is controlled by the 
hydraulic selector valve which receives its commands 
from the engine electronic control unit. 

In the fovmrd thrust position the two pivoting doors 
are locked In position by four hook locks. Each door has 
two hook locks, sometimes referred to as S-hooks. 
These hook locks are shaped like an S with a pivot point 
in the center. One S-hook can thereby latch two doors. 

The hook locks are released simultaneously, by two 
independent circuits. The right side is released by a 
hydraulic actuator in the circuit of the hydraulic selector 
valve and the engine electronic control unit. The left side 
S-hook is released by a solenoid energized by an elec- 
tric circuit from the cockpit. 

A system of electrical switches and transducers is 
provided to indicate correct or incorrect functioning of 
the reverser system to the pilot and to the engine control 
system. 

In the drawings : 

Figure 1 is a perspective view of a known two door 

type reverser with two locks per door. 

Figure 2 is a perspective View of a known two door 

type reverser with one lock per door 

Figure 3 is a perspective view of the thrust reverser 

con-esponding to the present invention. 

Figure 4 is a perspective view of the thrust reverser 

isolated system components. 

Figure 5 is a partial perspective view of the S-hook 

lock installation. 

Figure 6 is a side view of the S-hook lock and 
hydraulic piston actuation. 

Figure 7 is a side view of the S- hook lock and piv- 
oting door latch. 

Figure 8 is a perspective view of the thrust re/erser 
assembly. 

Figure 9 is a side view detailing the safety catch that 
prevents the door from departing from the aft ring 
structure. 

Referring to Figure 1 there is seen a typical two 
door thrust reverser for a tuitxifan engine. It is clearly 
shown that the main actuator 6 is located on the lateral 
side and this actuator along with the two hook locks 8 
per door 1 .2 are all actuated through a common supply 
line L. 

It is also shown in this prior art that there is no aft 
ring structure aft of the pivoting door trailing edge. 

Referring to Figure 2 there Is seen another known 
two door reverser. with only one hook lock H per door 



1.2. 

It is also shown in this prior art that there is no aft 
ring structure aft of the pivoting door trailing edge. 

Refen-ing now to Figure 3 we see the thrust 
5 reverser corresponding to the present invention. This 
reverser is comprised of an upper pivoting door 1 and a 
lower pivoting door 2, installed in corresponding open- 
ings O provided in the casing, and an aft ring structure 
3 which is essentially the nacell exit nozzle in fonward 
10 thrust mode. This aft ring structure is attached to the 
two side beams 4. 

The two pivoting doors 1 .2 pivot around the pivot 
axes 5. through fittings installed in the side beams 4. 
The actuation system is comprised of an upper 
IS door main actuator 6 and a lower door main actuator 7 
(Figure 4). These actuators are located on the vertical 
center line of the thrust reverser and are attached to the 
center of the doors. 

Two independent S-hook locks 8,9 (Figure 4) are 
20 installed in the side beams 4, to lock the pivoting doors 
1 ,2 in the stow position. 

The left side S-hook lock 8 is hydraulically actuated 
by the same circuit as the main pivoting door actuator 7. 
The right side S-hook lock 9 is operated by an electric 
25 solenoid energized from the pilot 14 and independent 
from the S-hook lock 8 that is actuated through the 
hydraulic selector valve 13 and the engine electronic 
control system. 

A system of electrical switches and transducers is 
30 provided to indicate correct functioning of the reverser 
systems to both the pilot and the engine electronic con- 
trol system. 

The stow switch 10 is shown on Figure 3 ; when the 
door is unlocked this switch 10 gives an unlock indica- 
35 tion to the pilot 14. 

Rgures 5. 6 and 7 show additional details of the S- 
hook locks. The upper and lower pivoting door latches, 
respectively 1 1 and 12, are also shown. It can be seen 
that the hooks on both sides of the doors are a single 
40 piece unit that engages both the upper door latch 1 1 
and lower door latch 12 simultaneously 

In Figures 8 and 9 the pivoting door aft catch fitting 
15 is shown interlocking with the aft ring structure catch 
fitting 16. 

45 The catch f itting 15 and 16 entrap the rear portion 
of the pivoting door, during stow mode in the event of a 
pivot bolt or fitting failure. 

Thus, the described thrust reverser system can be 
seen to improve the security against inadvertent in-f ligfit 

50 deployment. 

Claims 

1 . A thrust reverser for a turtx)-fan engine with mixed 
55 hot and cold airflow, said thrust reverser being 
mounted on the aft fuselage of an aircraft and com- 
prising ; 

- an engine casing having lateral beams (4)and 
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two radially spaced openings (O). one being 
above, the other being below the engine axis ; 

- two thrust reversing pivoting doors (1.2). 
installed in the casing openings (O). pivotaliy 
mounted by two axis supported by the casing s 
lateral beams (4). said doors being movable 
from a stowed position In which they do not 
Interfere with the mixed airflow to a deployed 
position in which they block the mixed airflow 
and direct it in a forward direction ; io 
a hydraulically actuated pivoting door actuator 
attached to the center of each pivoting door for 
rrK3vlng the said door from said stowed position 

to said deployed position. 

a hydraulically actuated piston driven S-hook is 
lock (8) on one side of the doors, that retains 
the pivoting doors in the stowed position, and 

- an electrical solenoid operated S-hook lock (9) 
on the opposite side of the pivoting doors. 

20 

The thrust reverser in accordance to claim 1 , char- 
acterized In that a snubbing mechanism, that pre- 
vents the said doors (1 .2) from butting against each 
other when in the deployed position, is contained In 
said actuator. ^ 

The thrust reverser in accordance to daim 1. with 
two pivoting doors (1.2) installed forward of an aft 
ring exit nozzle structure (3). with a safety catch 
(1 5) fitting on the rear of the pivoting door, interlock- 30 
ing with a safety catch (16) fitting on the aft ring 
structure, to entrap the rear part of the said door In 
the event of a structural attachment failure or in the 
event of maintenance malpractice during installa- 
tion of the said door and pivot bolt. 3S 
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